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Abstract: A new species of Ulocladium was isolated
from diseased leaves from two Cucumis sp. growing in
Sinkiang and Gansu provinces of China. Conidia were
isolated from necrotic leaves and used to establish
single-spore pure cultures. Conidia were harvested
from cultures 7 d after incubation for morphological
comparisons. The morphology of this species resem-
bles that of U. botrytis and U. consortiale. However
it is distinguished from these two species by the sizes
of obovoid to broadly ellipsoidal conidia and
longer conidiophores. A taxonomic description of
U. cantlous, comparison with related species in this
genus, and a species phylogeny based on the
partial nucleotide sequence of the glyceraldehyde-3-
phosphate dehydrogenase (gpd) gene and the
Alternaria alternata major allergen (Alt a 1) gene
are provided.
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INTRODUCTION

Genus Ulocladium was created by Preuss in 1851 with
U. botrytis designated as type species. This name
subsequently was largely ignored because its compo-
nent taxa shared several characteristics with Alternaria
and Stemphylium, even though some species in these
genera could be separated from other genera by the
juvenile and mature shapes of conidia, as well as by
the modes of proliferation of conidiophores and
conidia. Based on the re-examination of diagnostic
morphology for Ulocladium, Alternaria and Stemphy-
lium, Simmons (1967) re-established genus Ulocla-
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dium to accommodate phaeodictyosporic taxa with
primarily obovoid, nonbeaked conidial shapes. More-
over he observed a group of species at different
growth stages under standardized conditions and
found that four species in the U. atrum group (U.
atrum, U. cucurbitae, U. multiforme and U. dawci)
possessed similar multiplex conidium morphologies
(i.e. conidia produced during the early 1-3 d growth
often had a strikingly different morphology than
those produced at 4-7 d) (Simmons 1982, 1998).
More than 20 species of Ulocladium have been
reported to date (http://www.indexfungorum.org/
Names/Names.asp).

Some species of Ulocladium have a widespread
distribution and occur in soil as saprophytes, playing
an important ecological role in the decomposition
and recycling of materials in natural ecosystems.
Some species are colonizers in buildings after floods
or other water damage, and some species are
cellulolytic, often growing on damp wood and paper
(Grishkan et al. 2007, Saparrat et al. 2007). A few
species are plant pathogens that cause a range of
diseases on important agricultural crops and fruit
trees (Vannini and Vettraino 2000, Zitter and Hsu
1990). One species suppresses sporulation of Botrytis
sp. by competitive saprophytic colonization of leaf tips
of onion or necrotic leaf tssues of lily canopies
(Elmer and Kohl 1998, Kohl et al. 2003).

The taxonomy of genus Ulocladium is based mainly
on morphology, including conidial shape, sizes,
septation, ornamentation and presence or absence
of catenulation by means of apical secondary conid-
iophores (Simmons 1967, 1990). These morphologi-
cal characters are still indispensable in identifying a
new taxon. However some morphological character-
istics of Ulocladium spp. vary depending on culture
conditions. Conidial characteristics of U. cucurbitae
and U. chartarum vary on different substrates and at
different temperatures (Leach and Aragaki 1970,
Simmons 1982). Simmons and Roberts (1993) pro-
posed that the best morphological criterion for small-
spored Allernaria taxa (similar to Ulocladium) was to
compare the elements of sporulating isolates under
standardized conditions. Morphological features, for
example size range and septation, overlap among
Ulocladium species, causing difficulty in establishing
new taxa (de Hoog and Horré 2002).

The morphological descriptions of species are
increasingly being supplemented by gene sequences.
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Phylogenetic analysis has become a common tool for
the separation, identification and determination of
species and their natural relationships and for
ascertaining genetic diversity. Recent molecular anal-
yses have largely improved our understanding of the
phylogenetic relationships among Ulocladium species
(Hong et al. 2005, Pryor and Bigelow 2003, Runa et al.
2009, Xue and Zhang 2007). Glyceraldhyde-3-phos-
phate dehydrogenase (gpd) gene sequences were
used extensively in the resolution of phylogenetic
relationships among Alternaria/ Lewia, Bipolaris/ Coch-
liobulus, Drechslera/Pyrenophora and  Stemphylium/
Pleospora (Berbee et al. 1999, Camara et al. 2002,
Pryor and Bigelow 2003, Zhang and Berbee 2001). The
relatively high level of variability in the gpd gene
sequence (Smith 1989) facilitates phylogenetic com-
parisons among species and provides better discrimi-
nation of species than rDNAITS regions (Berbee et al.
1999).

The major allergen produced by Alternaria alter-
nata, Alt a 1, is a protein with no known function in
fungal metabolism or ecology (Barnes et al. 1996, de
Vouge et al. 1996). A homolog of Alt a 1 later was
found to be highly up-regulated during the infection
of A. brassicicola on Arabidopsis thaliana, suggesting
that this protein might be involved in plant pathoge-
nicity (Cramer and Lawrence 2003, 2004). Alta 1 also
is expressed in other members in the Pleosporaceae,
including Stemphylium sp., Ulocladium sp. and Curvu-
laria sp. (Sdenz-de-Santamaria et al. 2005). Thus the
gene encoding this protein might be useful in
reconstructing phylogenetic relationships among
Ulocladium species. As a molecular marker to study
phylogenetic relationships, Alt a 1 exon regions
contained considerably more parsimony informative
sites than ribosomal genes (rDNA ITS, mitochondrial
small subunit [mtSSU] rDNA) and other protein-
coding genes (gpd) (Cramer and Lawrence 2003).
Although some differences in relationships among
certain species and long-branched terminal taxa were
discovered based on the phylogenetic analyses of Alt a
I and gpd genes, many phylogenetic features of these
two genes are similar (Hong et al. 2005). The
combination of these two datasets provides more
sequence data for identifying a taxon than would be
possible with either alone.

An undescribed Ulocladiuwm sp. was isolated from the
diseased leaves of Cucumis melo L. and C. sativus L. in
northwestern China. The morphology of this species
was typical for genus Ulocladium, and it was similar to
U. botrytis and U. consortiale in producing obovoid or
cllipsoid conidia. However distinctive taxonomic char-
acters, together with the phylogeny based on partal
nucleotide sequences of the Alt a 1 and gpd genes,
prompted the description of a new species.

MATERIALS AND METHODS

Isolations of fungi.—Diseased leaves of Cucumis melo L. and
C. sativus 1. were collected from Sinkiang and Gansu
provinces in northwestern China. Spores were taken from
areas with necrotic leaf spots of field-collected leaves, and
single spores were isolated on potato-dextrose agar (PDA;
20 g white potato boiled and filtered, 20 g dextrose, 20 g
agar, 1 L distilled water). The isolates were transferred from
PDA to potato-carrot agar (PCA; 20 g white potato boiled
and filtered, 20 g carrot boiled and filtered, 20 g agar, 1 L
distilled water). Mycelial plugs cut from leading edges of
colonies on PDA were stored on PDA slants at 4 C. The
holotype (dried culture) of this new species was deposited
in the Herbarium of the Department of Plant Pathology.
Shandong Agricultural University (HSAUP). Living cultures
of each isolate were deposited in the Herbarium of the
Department of Plant Pathology, Shandong Agricultural
University (HSAUP), and the collection of the Centraalbu-
reau voor Schimmelcultures (CBS), Utrecht, Netherlands.

Morphological —and  cultural  studies.—Two  isolates
(HSAUP,0209, HSAUP,,0526) of the Ulocladium sp. were
grown on PDA. Morphological comparisons among these
isolates and eight similar species (U. atrum, U. botrytis, U.
consortiale, U. cucurbilae, U. dauwci, U. muliiforme, U.
obovoideuwm and U. subcucurbitae, TABLE II) were based on
living cultures grown under standardized conditions on
potato-carrot agar (PCA) in plastic Petri dishes under
ambient temperature (20-23% C) and cool-white fluorescent
light 35-40 cm above the culture, with an 8 h on and 16 h
off cycle (Simmons 1998, Simmons and Roberts 1993).
Samples of conidia for comparison and photography were
taken from 7 d old colony. Fifty mature conidia and 30
conidiophores were measured with a Nikon 90i microscope
(Nikon Corp., Japan) at 100X magnification. The mor-
phology of conidia and conidiophores in lactic acid was
recorded by light microscopy and photographed.

DNA extraction, PCR amplification and sequencing.—DNA
extraction and purification were conducted according to
the protocols of Pryor and Gilbertson (2000). Amplification
of portions of Alt a 1 and gpd genes were conducted with
the primers that were designed based on the conserved
regions of Alt a 1 and gpd genes in U. atrum, U. botrytis, U.
chartarum and U. cucurbitae (Hong et al. 2005). Reaction
mixtures contained 5 pul. 10X ThermoPol reaction buffer
(200 mM  Tris-HCI, pH 8.3, 100 mM KCI. 100 mM
[NH,4]250,, 20 mM MgSO, and 1% Triton X-100), 5 uL.
10 mM MgSOy, 20 ng template genomic DNA, 4 pM each
primer, 4 ul. 2.5 mM dNTP, 0.5 U AmpliTaq polymerase,
and total volume was adjusted to 50 pl. with deionized
water. PCR amplification of Alt a 1 and gpd regions was
conducted with reaction conditions described by Hong et
al. (2005). The PCR-amplified DNA fragments were
fractionated in 1.0% agarose gels in 0.5X TBE buffer, and
DNA was viewed by ethidium bromide staining and UV
illumination. PCR products were purified with DNA
fragment Purification Kit 2.0 (TakaRa). They were cloned
into the pEASY-T3 vector following the manufacture’s
protocol of the pEASY-T3 Cloning Kit (China) and then
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TABLE L. Isolates used in this study for morphological and molecular analysis

GenBank accession numbers

Species Source® Altal gpd
Alternaria cheiranthi EGS 41-188 AYH63290 AY278802
Embellisia indefessa EGS 30-195 AY563323 AY278828
Stemphylivum botryosum ATCC 42170 AY563274 AY278820
Ulocladium alternariae BMP 0352 AY563316 AY278815
Ulocladium sp. CBS 123375 EU862546 EU862547
U. atrum CBS 195.67 AY563318 AY278818
U. botrytis CBS 198.67 AY563317 AY278817
U. cantlous CBS 123007 EU684146" EU684145

CBS 124653 EU684150 EU684153
U. capsicuma CBS 102062 EU684149 AY762950
U. chartarum CBS 200.67 AY563319 AY278819
U. consortiale CBS 123806 FJ008714 FJ008717
U. cucurbitae EGS 31-021 AY563315 AY562418
U. dauci CBS 102062 FJ266510 F]266495
U. multiforme CBS 102060 FJ266512 F]266497
U. obovoideum CBS 101229 EU684147 EU684151
U. oudemansii CBS 137. 81 EU684148 EU684152
U. septosporum CBS 109.38 FJ266515 FJ]266500
U. subcucurbitae CBS 121491 EU855807 EU855803

*Source abbreviations: ATCC = American Type Culture Collection, Manassas, Virginia. BMP = Division of Plant Pathology
and Microbiology, Department of Plant Sciences, University of Arizona, Tucson, AZ 85721. CBS = Centraalbureau voor
Schimmelcultures, Utrecht, Netherlands. EGS = E. G. Simmons, Mycological Services, Crawfordsville, IN 47933.

"Sequences that were determined in this study appear in boldface.

transformed into DH50 chemically competent Escherichia
coli. Sequencing was performed with an ABI PRISM 3730
DNA auto-sequencer with either dRhodamine terminator or
Big Dye Terminator chemistry (Applied Biosystems Inc.,
Foster City, California). The sequences of both strands of
each fragment were determined for sequence confirmation.
The DNA sequences of Alt a 1 and gpd regions generated in
this study were submitted to GenBank (accession numbers
EU684145-EU684149, EU684150-EU684153, EU855803,
EU855807), and additional DNA sequences representing
14 other species were downloaded from GenBank (Ta-
BLE I).

Molecular phylogenetic analyses of Alt a 1 and gpd genes.—
Sequences were aligned manually with SEQUENCHER 3.1
(Gene Codes, Ann Arbor, Michigan) and Clustal X 1.81
(Thompson et al. 1997). The alignments were checked
visually, improved manually where necessary and deposited
in TreeBASE (SN4573-23198). In the analyses alignment
gaps were treated as missing data. Phylogenetic analyses
were performed with PAUP 4.0b10 (Swofford 2002). Trees
were produced with neighbor joining (NJ) and maximum
parsimony (MP) analyses of combined gpd and Alt a 1
sequence datasets. The Kimura two-parameter distance
calculation was used in NJ analysis. In the MP analyses trees
were inferred with heuristic search option with tree
bisection reconnection (TBR) branch swapping and 1000
random sequence additions. MAXTREES were 100, branches
of zero length were collapsed and all parsimonious trees
were saved. Characters were treated as unweighted in the

analysis, and gaps were treated as missing data. Partition
homogeneity test (Farris et al. 1995, Huelsenbeck et al.
1996) was used to determine whether these two datasets
(gpd and Alt a 1) could be combined, and a combined
analysis was run with the parameters described above.

TAXONOMY

Ulocladium cantlous Yong Wang bis & X.G. Zhang,

Sp. nov. FiG. 1A-F
MycoBank MB 512259

Coloniae in agaro PCA descripta. Coloniae cinereo-albae
vel atro-brunneae, auctus velosi, sporulatione abunda,
conspicue concentrice zonata. Hyphae vegetativae septatae,
ramosae, subhyalinae vel dilute brunneae, 2.5-3 pm crassae,
laeves. Conidiophora copiosa, recta vel acclivia, simplicia vel
ramosa, ex lateribus hypharum praecipue submersarum
oriunda, dilute aureo-brunnea, septata, 3-4 um crassa,
plerumque 80-130 um longa, 5-10 genicula sporifera
praebentia. Conidia in colonia plerumque obovoidea vel
crassa ellipsoidea, ad basim subacuta vel conica, apicem
crassa rotundata, subacuta vel conica, pallide-brunneae vel
medio-brunneae, 24-36 X 13-15 um, vulgo 3—4 transverse
septata et 0-2 longiseptata, verrucosa vel dense verrucosa.
Conidiophora secundaria saepe longiuscula, ad ca. 5—
10 pm, 1-2 apicaliter geniculata et conidiogena.

Colonies on PCA yellow brown to dark brown,
rapidly covering the Petri dish within 7 d. Concentric
zonation of growth pronounced, and sporulation on
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FIG. 1. Ulocladium cantlous. A. Primary obovoid or broadly ellipsoidal conidia at 1-3 d. B. Details of primary conidia at this
stage. C. Mature obovoid or broadly ellipsoidal conidia at 4-7 d. D. Details of mature conidia at this stage. E. Conidia with
secondary conidiophores. F. Characteristic pattern of conidiophores.

this medium abundant. Mycelium subhyaline to hyphae, simple or branched, dilute golden brown,
dilute yellowish brown, hyphae branched, smooth, septate, 80-130 X 3-4 ym (av. 105 X 3.5 * 0.2 pm),
septate and 2.5-3 pm wide. Conidiophores abundant, with 5-10 perforate geniculations (FIG. 1F). Conidia
erect or ascending from submerged and aerial mostly obovoid or broadly ellipsoidal: base subacute
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to conical, apex broadly rounded or subacute to
conical (F1G. 1A-D). They commonly are 24-36 X 13—
I5pum (av. 29 = 3.7 X 14 £ 0.4 pm), usually 3—4
transverse septa, 0-2 short longitudinal septa. Conidia
pale brown to medium brown; walls verrucose to
densely verrucose (FIG. 1B, D). Conidia solitary or
occasionally generate short secondary conidiophores
(FIG. 1A, E). Secondary conidiophores up to 5-10 um
long with 1-2 conidiogenous sites (Fic. 1E). These
conidia with secondary spores (i.e. young ellipsoidal
and ovoid spores) on their secondary conidiophores
(Fic. 1E).

Holotype. Dried culture of HSAUP,,0209, after 7 d
on PCA medium, deposited in Herbarium of the
Department of Plant Pathology, Shandong Agricultur-
al University, CHINA. The isolate derived from
diseased leaves of Cucumis melo from a farm of Kashi,
Sinkiang, China, Y. Wang, 20 Jul 2006. Ex-type culture:
HSAUP,,0209; CBS 123007.

Etymology. Referring to the host (cantaloupe), from
which this fungus was isolated.

Known distribution. Sinkiang and Gansu provinces,
China.

Additional specimens examined. ~ HSAUP,,0526 collected
from the diseased leaves of Cucumis sativus in Lanzhou of
Gansu province, Y. Wang, 30 Jul 2006. A living culture is
stored in the Centraalbureau voor Schimmelcultures, CBS
124653.

This species shares morphological similarities with
U. atrum, U. botrytis, U. consortiale, U. cucurbitae, U.
dauci, U. multiforme, U. obovoideum and U. subcucur-
bitae, all of which produce conidiophores with closely
perforate geniculations and fundamentally obovoid
conidia. These nine species exhibit the typical
morphological characters of Ulocladium, which prob-
ably represent basic core characters for this genus.
Detailed morphological information for these species
is provided (TABLE II), but only U. consortiale and U.
botrytis possess characters that are most similar to U.
cantlous, which is distinguished from these two
species morphologically by characteristics of conidia
and conidiophores. U. cantlous conidia are distinctly
larger than those of U. botrytis, and U. cantlous
conidia exhibit more transverse septa than those of U.
botrytis. U. cantlous conidia are smaller than those of
U. consortiale and exhibit fewer longitudinal septa
than U. consortiale. The ornamentation of conidial
walls also distinguishes U. cantlous (verrucose to
densely verrucose) from U. consortiale, which has
closely micromaculate to definitely verrucose conidial
walls. The conidiophores of U. cantlous are distinctly
longer than those of U. botrytis and U. consortiale. In
addition this species is distinct in producing some
fusiform conidia (both base and apex of conidia are
subacute to conical) (FiG. 1A-D), whereas U. botrytis

and U. consortiale do not. U. consortiale sometimes
produces an apical secondary conidiophore approx-
imately 25-35 X 4.0-4.5 ym with 5-8 conidiogenous
sites, but secondary conidiophores of U. cantlous are
only up to 5-10 pum long with 1-2 conidiogenous sites.
U. cantlous does not produce multiplex conidia in
different growth-stages under standardized condi-
tions, whereas this character is typical for the U.
atrum group.

To aid in the phylogenetic characterization of
Ulocladium sp. isolated from Cucumis sp., the Alt a 1
(447 bases) and gpd (575 bases) regions of two
isolates of U. cantlous were sequenced and compared
with sequences from other Ulocladium sp. Results of
the partiion-homogeneity test (P = 0.273) indicated
that the Alt a 1 and gpd genes trees reflect the same
underlying phylogeny. Therefore these two datasets
were combined and analyzed. In addition the Alt a 1
and gpd regions of U. oudemansii, U. obovoidewm and
U. subcucurbitae, as well as Alt a 1 regions of U.
capsicuma, were sequenced. Phylogenetic relation-
ships among the two U. cantlous isolates and other
Ulocladium sp. were estimated with combined se-
quences of Alt a 1 and gpd (1034 sites).

A neighbor joining (N]) tree was constructed based
on combined sequences of gpd and Alt a 1 of U.
cantlous and related species, with Stemphylium botryo-
sum as outgroup (FIG. 2). The combined tree shows
that a monophyletic Ulocladium species group com-
prises 13 Ulocladium species, A. cheiranthi and E.
indefessa. This group includes two distinct sister
clades. Clade 1, supported by a high bootstrap value
(100%), includes the two isolates of U. cantlous
together with U. atrum, U. botrytis, U. cucurbitae, U.
consortiale, U. subcucurbitae, U. multiforme, U. dauci
and U. obovoideum. Clade 2, which has low bootstrap
support (52%), includes four Ulocladium species, E.
indefessa and A. cheiranthi. One Ulocladium sp. (CBS
123375) is morphologically similar to U. alternariae,
and these two species form a separate clade that has
litle commonality with other species of Ulocladium.
The NJ analysis supports a distinction between U.
cantlous and species U. botrytis, U. consortinle and
others in this genus. In Clade 1 the U. atrum group
(U. atrum, U. cucurbitae, U. multiforme and U. dawci)
do not form an independent subclade; only U. atrum
and U. multiforme cluster together with a low
bootstrap value (64%). U. cucurbitae shows a high
similarity to U. obovoideum supported by a moderate
bootstrap value (88%). U. subcucurbitae and U. dawci
occur on separate branches from the other species in
Clade 1.

In the MP analysis two equally most parsimonious
trees were obtained with tree length (TL) 384 steps,
consistency index (CI) = 0.8464, retention index (RI)
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— Ulocladium sp CBS 123375

98

- Ulocladium alternariae BMP 0352

52

0.01

100

Alternaria cheiranthi EGS 41-188

Embellisia indefessa EGS 30-195

Ulocladium oudemansii CBS 137.81

Ulocladium septosporum CBS 109.38

Ulocladium capsicuma CBS 102062

Ulocladium chartarum CBS 200.67

Ulocladium subcucurbitae CBS 121491

r Ulocladium dauci CBS 102062

Ulocladium consortiale CBS 123806

88| | Ulocladium botrytis CBS 198.67

Ulocladium obovoideum CBS 101229

57
Ulocladium cucurbitae EGS 31-021

— Ulocladium atrum CBS 195.67

64
- Ulocladium multiforme CBS 102060

Ulocladium cantlous 1 CBS 123007
100

Ulocladium cantlous 2 CBS 124653

Stemphylium botryosum ATCC 42170

Clade 2

Clade 1

Fic. 2. Phylogenetic tree generated from neighbor joining analysis based on combined Alt a 1 and gpd sequences.
Bootstrap support for the nodes is indicated above branches. Bootstrap values = 50% are indicated above the branches. The
tree is rooted with Stemphylium botryosum.
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= 0.8589, rescaled consistency index (RC) = 0.7269
and homoplasy index (HI) = 0.1536. The phyloge-
netic tree from MP analvses indicates that all
Ulocladium species in this study, except U. allernariae
and Ulocladium sp. (CBS 123375), cluster together as
a large group that is divided into two clades (FiG. 3).
Two isolates of U. cantlous reside in a distinct
subclade with no clear affinities to a specific sister
group in Clade 1. which is composed of nine species
ol Ulocladium and has high bootstrap support
(100%). In this clade the four species of the U. atrum
group are not supported as an independent subclade.
Clade 2, including U. chartarum, U. capsicuma, U.
oudemansii and UL septosporum, is supported by higher
bootstrap values (93%) than NJ analyses (52%). E.
indefessa grouped with Ul chartarum and A. cheiranthi
in Hong etal. (2005), Pryor and Bigelow (2003) but is
excluded from the Ulocladium group in the MP
analysis. A. cheiranthi forms a sister clade outside
Clade 1 and Clade 2 with moderate bootstrap support
(83%). Ulocladium sp. and U. alternariae are placed
outside the main Ulocladium species group, as in the
N]J analysis, but each occurs on a separate branch in
the MP analysis.

DISCUSSION

Ulocladium cantlous is similar to Ul atrum, U. botrylis,
U. consortiale, U. cucurbitae, U. dawci, U. mulliforme,
U. obovoideum and U. subcucurbitae with which it
shares characteristics of conidiophores and conidia. It
most resembles U. botrytis and U. consortiale in having
obovoid or ellipsoid conidia but differs trom these
species mainly in the size, septation and ornamenta-
tion of conidia as well as the dimensions of
conidiophores (TABLE II). Phylogenetic analysis re-
veals the evolutionary relationships among this and
other species of Ulocladium. In the phylogenetic trees
produced by NJ and MP (Fics. 2, 3) two isolates of U.
cantlous clustered in a separate subclade with a high
bootstrap value (100%) that had no clear affinities to
a specific sister group within the larger clade (Clade
1), which includes nine species of Ulocladium. Clade 1
probably represents the core of this genus character-
ized by key morphological characteristics (conidio-
phore development closely geniculate and conidia
primarily obovoid). The phylogenetic results are
generally consistent with above morphological com-
parison but do not support a closer relation-
ship between this species and U. botrytis and U.
consortiale than to other species in Clade 1. This
suggests that the shape of conidia is not a reliable
indicator of phylogenetic relationships in this genus.
In addition multiplex conidium morphology is not
present in this species under standardized conditions.

The conidial characters at 1-3 d are similar to those
at 4=7d (Fi1c. 1A-D), which distinguishes U. cantlous
from four other species in the U. alrum group.
Therefore both morphological and molecular evi-
dence support the designation of a new species in this
genus.

Multiplex conidium morphology is predicted to be
of value in defining species related to the U. atrum
group (Simmons 1998). This study attempts to
validate the feasibility of this approach by molecular
phylogenetic analyses. In phylogenetic trees based on
NJ and MP (Fics. 2, 3) U. atrum clusters with U.
maudtiforme but U. cucurbitae is more closely related to
U. botrytis. U. dauci formed a distinct subclade in
Clade 1. The use of multiplex conidium morphology
in identifying species in U. atrum group therefore
might not reflect the evolutionary relationships
among these four species.

Pryor and Bigelow (2003) recognized that the
Ulocladium group included four Ulocladium species
(U. botrytis, U. atrum, U. consortiale and U. char-
tarum), E. indefessa and A. cheiranthi by phylogenetic
analysis of ITS/5.8S/1TS2, miSSU and gpd gene
regions. This conclusion was supported by Hong et
al. (2005) who further demonstrated that this group
was composed of two distinct sister clades, U. atrum,
U. botrytis, and U. cucurbitae in one clade and U.
chartarum, I. indefessa, A. cheiranthi in the other
clade, based on the phylogenetic analysis of gpd and
Alta I gene regions. In this study additional species of
Ulocladium were sequenced in the Alt a 1 and gpd
regions to improve phylogenetic accuracy. Results
from analysis of the two loci show that the Ulecladium
group is divided into two distinct clusters (FiGs. 2, 3);
Clade 1 includes nine Ulocladium species, while Clade
2 includes four species of Ulocladium. We suggest that
these two clades are monophyletic, as supported by
high bootstrap values in the NJ and MP analysis.
Species in Clade 1 with high bootstrap (100%) in the
phylogenetic analysis determined by NJ and MP
possess the typical morphological characters of
Ulocladium, which probably represent the core of this
genus. The position of this clade as a large group is
well defined by taxonomic and molecular phyloge-
netic studies. However the phylogenetic positions of
A. cheiranthi and E. indefessa are not clearly resolved
in this study because the NJ analysis is not congruent
with MP analysis. The difference caused by two
statistical approaches might be due to the small
number of Ulocladium taxa investigated. In summary
a comprehensive examination of morphological
description under standardized condition and molec-
ular analysis based on appropriate phylogenetic
markers and methods are proved to be essential in
identitying Ulocladium isolates.
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Ulocladium sp CBS 123375

99

10

Ulocladium alternariae BMP 0352
Embellisia indefessa EGS 30-195
Ulocladium chartarum CBS 200.67
- Ulocladium septfosporum CBS 109.38

s~ Ulocladium capsicuma CBS 102062

Ulocladium oudemansii CBS 137.81

Stemphylium botryosum ATCC 42170

T

Clade 2

68

83

100

Alternaria cheiranthi EGS 41-188
—— Ulocladium subcucurbitae CBS 121491 |
96 || Ulocladium dauci CBS 102062

r Ulocladium atrum CBS 195.67

62

- Ulocladium multiforme CBS 102060

61|
Ulocladium botrytis CBS 198.67

Ulocladium consortiale CBS 123806

Ulocladium obovoideum CBS 101229

Ulocladium cucurbitae EGS 31-021

Ulocladium cantlous 1 CBS 123007

Ulocladium cantlous 2 CBS 124653

Clade 1

Fic. 3. Maximum parsimony tree derived from analysis of the combined Alt a 1 and gpd sequences. Bootstrap support for
the nodes is indicated above branches. Bootstrap values = 50% are indicated above the branches. The tree is rooted with

Stemphylivum botryosum.
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